This paper discusses the levels of 2 tissue enzymes, ornithine decarboxylase (ODe) and fatty acid synthetase (FAS), and lipid content in neonatal and juvenile miniature swine. ODC is the rate-limiting enzyme in the polyamine biosynthetic pathway, and its activity increases dramatically and rapidly during regenerative growth, hypertrophy, embryogenesis, and malignant growth (Tabor & Tabor 1976) . ODC levels are closely related to nucleic acid synthesis, and the enzyme is a proposed initiation factor for RNA synthesis (Russell 1980 , Heby 1981 , Pegg 1986 ).
The half-life of ODC, 10-20 min, is much shorter than many other enzymes (Tabor & Tabor 1976 , Russell 1980 . Its high degree of inducibility, rapid turnover, and widespread occurrence in replicating cells strongly suggests its importance in the process of cell growth.
The biosynthesis of long-chain fatty acids occurs in 2 distinct steps: the conversion of acetyl coenzyme A (CoA) to malonyl CoA, and the conversion of acetyl CoA and malonyl CoA to palmitate in the presence of reduced nicotinamide adenine dinucleotide phosphate (NADPH), a reaction catalysed by FAS. FAS belongs to a class of multifunctional enzymes, which consist of a single type of polypeptide chain with multiple catalytic activities. These enzymes occur in systems that catalyse sequential reactions in a metabolic pathway, e.g. palmitate synthesis. Interestingly, animal FAS appears to be the largest known multifunctional protein, with the most catalytic activities (Wakil et a1. 1983) . Total lipid, triglyceride, and total cholesterol are included with FAS levels. Changes in these parameters reflect an accumulation of cellular material which, unlike ODC, is not directly attributable to the growth process.
Materials and methods

Animals
Male miniature pigs, Hormel-Hanford strain from the Food and Drug Administration (FDA) colony, were used. Sows were farrowed at the Beltsville Research Facility. All piglets except the one-day-old group received 100 mg of iron dextran intramuscularly within 24 h of birth and 200 mg at 3 weeks. After weaning at 8 weeks, pigs received USDA ration 11800 (18% protein), 11600 (16% protein) after 140 days [25g/kg body weight), and water ad libitum. They were wormed, certified to be free of brucellosis and pseudorabies, and housed in pens on concrete floors. All pigs one week and older were fasted overnight before exsanguination following electrocution. Homogenization was carried out in either a motor-driven Teflon-lined pestle and glass vessel or a Polytron (full-speed). PAS analysis. FASactivity in miniature swine was measured at 2, 8, 16, and 32 weeks of age (3-4 per group). Liver was minced and homogenized in ice-c0ld 0.1 M potassium phosphate, pH 7.0, containing 5 mM 2-mercaptoethanol and ImM EDTA (4.0ml/g tissue), with a Potter-Elvehjem tissue grinder. The homogenate was centrifuged at IS 000 xg for 15 min at 2°C.
Materials
Both the homogenate for the ODC analysis and the mitochondria-free supernatant for the FAS analysis were centrifuged at 105000 xg for 60 min at 2°e. The supernatant was used for each assay. Lipid levels. Representative sections of liver were excised and frozen at -20°C until time of assay. Assays ODC. The 105000 xg supernatant was analysed for ODC activity (Ono et aI. 1972 , Danzin et a1. 1979 , Gaines et aI. 1988 extract was analysed for cholesterol by using the Cholesterol Reagent Set of Biodynamics/Boehringer Mannheim (Indianapolis, Indiana, USA), and for triglycerides by using the Abbott Bichromatic Analyzer and A-GENT reagents (Abbott Laboratories, Chicago, Illinois, USA).
Statistical evaluation
For the ODC assay, a two-way analysis of variance (with a multiple t-test) was used to investigate the effects of age and tissue on ODC levels. For the FAS and lipid assay, an analysis of variance with a multiple comparison t-test was used to determine the effect of age on FAS and lipid levels. All P values~0.05 were accepted as an indication of statistical significance. Table 1 shows the mean body and organ weights of liver, brain, spleen, pancreas, and kidney at one day and at I, 4, 8, and 12 weeks. Figure 1 compares the following ODC activities in organs from male miniature swine at various ages. ODC levels in the spleen were significantly higher (P~0.042) at all ages than in other tissues sampled. Kidney ODC levels were statistically greater IP~0.044) at weeks 1 and 4 than those in all other organs except spleen, while brain levels were significantly higher (P~0.027) than that in pancreas at week I, but greater than that in both liver and week 1 relative to day 1 but lower at 4 weeks before reaching a plateau for the spleen and kidneYj and (3) a biphasic response in hepatic ODe levels evidenced by a sharp reduction from the value at birth, followed by a spike in activity at 8 weeks and another sharp reduction at 12 weeks. For liver FAS (Fig.2) , the mean value for week 8 was higher than those for weeks 2 (P=O.0197) and 32 (P=O.053) , and the value for week 16 was higher than that for week 2 (P=O.088).
Results
Liver lipid was analysed from 2 to 32 weeks after birth (Table 2) . Total lipid was significantly higher at every time period after. 2 weeks, whereas triglyceride levels decreased. Total cholesterol was unchanged with age except for a small but statistically significant increase at 8 weeks. A comparison of ODe levels in individual organs across the 6 time periods showed 3 postnatal patterns: (1) highest activity at day I, with sharp reduction at week 1 and again at week 4 with little subsequent fluctuation of levels in the brain and pancreaSj (2) higher activity at .e
Discussion
Traditionally, most measurements of brain ODC activity in mammals have come from the rat. Recent findings suggest that ODC gene expression in brain may play an important role in the production of the ontogenetic patterns of ODC activity (Zawia &. Harry 1993) . Studies of whole brain reveal that DFMO, a specific, irreversible inhibitor of ODC, decreases the rates of DNA, RNA, and protein synthesis in neonatal rats. Cell replication is most affected, since DNA content is reduced more than RNA and protein, and DNA synthesis is inhibited before the arrest of growth and reductions in protein synthesis (Slatkin &. Bartolome 1986) . Sarkar et a1. (1977) found that in pig tissues unexposed to DFMO and examined from birth to 50 days, total DNA increased least in the brain; the rate of increase in total DNA, which varied among tissues, declined in the brain after 20 days. We found that brain ODC activity was sharply reduced at 1 week. The pattern of ODC activity in the pig pancreas was similar to that in the brain. Of the five organs examined, enzyme activity was lowest in the pancreas. Caldwell (1987) stressed the importance of including PMSF in the homogenizing buffer to stabilize the ODC activity in rat pancreas preparations because of proteolytic activity. Even with the inclusion of PMSF, day 1 data for pancreas showed a high degree of variability in ODC activity, though less than in some tissue. The rat pancreatic growth deficit with DFMO is believed, like the brain, to be associated with inhibition of cellular replication, as evidenced by reductions in tissue DNA contents and mitotic indices (Morisset &. Grondin 1987) . The time period of lowest pancreatic ODC activity (8 weeks) corresponds to the time at which the pigs were weaned at this facility. The increase in ODC activity from 8 to 12 weeks of age may reflect change in dietary factors, such as the basic amino acids glutamine and aspargine which enhance ODC activity and may be directly related to their interconnection with the polyamine biosynthetic pathway (Russell 1985) . Sarkar et a1. (1977) measured protein, DNA, and RNA levels in the kidney of Yorkshire pigs at 0, 10, 20, 30, 40, and 50 days. That study showed the greatest rate of DNA increase to be between birth and 10 days, which corresponds to the time (1 week) when kidney ODC reached its highest observed level in this study.
The pattern of ODC activity seen in miniature pig liver is almost identical to that seen in rat liver [Kudlacz et a1. 1989) .
The highest observed ODe activity in the rat corresponds to the most dramatic increase of DNA, RNA, and protein levels during the third and fourth postnatal week, when the rats are weaned (Slotkin et a1. 1988) . In this study, the highest observed activity occurred at approximately 8 weeks of age, which corresponds to the time the pigs were weaned.
During the entire preweaning period most of the fatty acid is presumably obtained from sow's milk. After weaning, there is a large increase in a number of enzyme activities associated with fatty acid synthesis. Vertebrate FAS, a multienzyme complex localized in the cytosol of the cell, catalyses the synthesis of long-chain fatty acids. The highest level of liver FAS occurred at 8 weeks of age in the present study when the pigs were weaned. Volpe and Kishimoto (1972) observed that FAS activity in rat liver rises sharply at the time of weaning from high-fat natural milk to lower-fat laboratory chow but could be diminished to levels of the suckling animal by the administration of a high-fat diet. That study also suggested that FAS activity in the liver is unique, since brain FAS is much less responsive to nutritional factors and actually declines after weaning. Recently, Laux and Schweizer (1990) showed that FAS mRNA, FAS protein, and FAS activity are all responsive to dietary-induced signals, possibly regulated at the transcriptional level.
Hepatic lipid levels measured from weeks 2 to 32 after birth (Table 2) indicated few quantitative changes. The increase in total lipid (primarily between 2 and 8 weeks of age) along with the small increase in total cholesterol and no increase in triglyceride probably indicated an increase in phospholipid level.
